Many, if not all, of the different phases of intrabursal B-cell maturation are controlled by the stromal components. We have used an extensive panel of mAb to provide a detailed phenotypic profile of these cells. Antigenic specificities were defined for the entire surface epithelium, interfollicular surface epithelium, follicle-associated epithelium, basement membrane, basement membrane-associated epithelium. Several mAb were specific for the medulla, including those reactive with the stellate network of epithelial cells, isolated macrophages, and granular, apparently secreted antigens. One of these, MUI-92, appears to be bursa-specific. Two mAb reacted strongly with stellate cortical macrophages, one of which weakly stained similar cells in the medulla. MHC-class II antigens were expressed on endothelium of the corticomedullary junction, macrophagelike cells in the cortex, and medulla and B lymphocytes predominantly in the cortex. Collectively, these mAb have demonstrated the antigenically distinct nature of discrete regions in the bursa, but also the continuity of the surface epithelium with the corticomedullary junction and medulla. They represent excellent reagents for defining the stromal cell contribution to B-cell development.
INTRODUCTION
Despite the central importance of the avian bursa of Fabricius in formulating the dichotomy model of the immune system and the fact that this organ remains the only known centralized site for the generation of B lymphocytes, the exact mechanisms by which it functions are not known. As a primary lymphoid organ, the bursa appears to have the capacity to attract bloodborne precursors (Le Douarin, 1986) , induce their commitment to the B-cell lineage (Weber, 1982; Boyd et al., 1983) , stimulate extensive proliferation of B lymphocytes within the follicles (Pink et al., 1985) associated with which is the generation of antigen-receptor diversity probably through gene hyperconversion (Weill et al., 1986; Lassila et al., 1988) (Bockman and Cooper, 1973) , and confer upon mature B lymphocytes the capacity to produce specific antibodies (Granfors et al., 1982) . In addition, the bursa can function as a secondary lymphoid organ since histologically plasma cells are evident (Naukkarinen and Sorvari, 1982) , and plaque-forming cells can be found following immunization (Van Alten and Meuwissen, 1972) . In this regard, T cells have been identified near the bursa (Odend'hal and Breazile, 1980) and within individual follicles (Chen, Cooper, Wilson, and Boyd, unpu- blished observations). The bursa also does not function in isolation, but has receptors for steroids (Ylickomi et al., 1987) and can directly influence the development of the thymus (Droege, 1976 (Olah et al., 1975) . The follicle-associated epithelial cells (FAE) , which facilitate contact between medullary lymphocytes and lumenal contents (Sorvari et al., 1975) , have specialized features, including a villous surface and a stratified network of stellate cells (Holbrook et al., 1974; Glick, 1983) . During embryogenesis, the plical surface epithelium (SE) is infiltrated by mesenchymal "dark" cells, resulting in follicle development, the medullary component of which is supported by a stellate network of epithelial cells (Frazier, 1974; Boyd, Barr, et al., 1976) and dendritic reticulum cells, phagocytic macrophages (Naukkarinen and Sorvari, 1982) and "secretory" cells (Olah and Glick, 1978) . The cortex is in contact with the vasculature and connective tissue, has only rare epithelial cells, but does have macrophages and "dark" reticular cells (Frazier, 1974; Glick, 1983) . A more refined approach we have used to defining stromal elements is the production of monoclonal antibodies to these cell types. This study represents an extension to our earlier work, which utilized polyvalent antisera to identify a reticulinfiber framework specific for the bursal cortex , a bursa-dependent reticularepithelial cell antigen(s) present in the bursa medulla and B-dependent areas in the spleen, particularly periellipsoida! sheaths (Boyd, Barr et al., 1976) , and a gut-associated mucin present in the bursal SE and medulla (Boyd and Ward, 1984) . Houssaint et al. (1986) (Wilson and Boyd, 1990a) and together with comparative analysis of bursae from cyclophosphamide-or testosterone-treated chickens (Wilson and Boyd, 1990b) , we have assigned tentative roles for these stromal cells in different phases of B-cell differentiation. Preliminary details of our mAb have been recently published The complexity of the SE was revealed by at least nine distinct staining patterns. MUI-80 reacted with the entire SE (Fig. la) , whereas MUI-51 stained only the interfollicular SE, being negative on the FAE (Fig. lb) . Phenotypic differences were further revealed within the multiple cell layers that form the SE and the similarities between the SE and medulla. MUI-90 was specific for the underlying basement membrane (Fig. 2a) and MUI-58 with the BMAE (Fig. 2b) ; whereas the latter was very weak to negative on the SE, MUI-91 strongly labeled both the SE and BMAE (Fig. 2c ). MUI-77 was similar to MUI-58, but was distinguished by a different ontogenic expression (Wilson and Boyd, 1990a) . also stained the BMAE, but, in addition, stained the because there was a marked heterogeneity between FAE and some areas of the medullary epithelium the folliclesmsome were strongly positive but others very weakly (Fig. 2d ). MUI-53 and MUI-70 both were weak or negative (Fig. 3d) . This was not an stained the entire SE, but only stained the basement artefact of the sections because serial sectioning membrane or a single layer of epithelial cells at the through the follicles gave similar results. Whereas corticomedullary junction (Fig. 2e ). These antibodies MUI-62 was reactive with thymic epithelial clusters were distinguished by their thymic reactivity; MUI-and a mucin-like molecule throughout the respira-70 was specific for pan type 1 epithelium, which tory and gastrointestinal tract, MUI-69 had very lines the subcapsule and perivascular regions, limited nonbursal reactivity, staining a subset of whereas MUI-53 only stained restricted regions of thymic medullary epithelial cell clusters and very the subcapsular epithelium (Boyd, Wilson, et al., infrequent goblet cells in the gastrointestinal tract. submitted).
MUI-92 was particularly interesting because it Three mAb stained the SE and network of medul-stained the outer medullary epithelial cells in the lary epithelial cells, but each identified distinct bursal follicles, but was negative on all other tissues determinants. MUI-75 stained the basal layer of the tested (Fig. 3e) . SE and the network of medullary epithelial cells In the bursa, three mAb were specific for keratin- (Fig. 3a) . MUI-55 and MUI-65 reacted with the negative macrophagelike cells. MUI-66 strongly entire SE and stellate network of medullary stained isolated stellate macrophagelike cells in the epithelial cells; with the former, the staining was cortex that were weaker and less frequent in the more diffuse, extensive, and appeared cytoplasmic medulla (Fig. 4a) . MUI-72 stained similar cells in the (Fig. 3b) , whereas the latter was more linear (Fig. cortex , but was virtually negative on the medulla 3c). MUI-62 also labeled the SE and medulla, but (Fig. 4b) . The heterogeneity of macrophagelike cells the cells in the medulla were keratin-negative and was further exemplified by , which stained the staining very granular. 68, and 69 had such cells in the interstitial areas between follicles similar medullary staining patterns to but (Fig. 4c) .
were negative on the SE. These antibodies were MUI-54 reacted with all bursal epithelium and, in distinguished by their ontogenic appearance (Wilson this regard, closely resembled the panepithelium and Boyd, 1990a) . MUI-69 was of particular interest antikeratin reagent (Fig. 5a) ; the major dis- FIGURE 3 . MUl-75 staining of the basal layer of the SE (arrow) and network of medullary epithelial cells (a, x125). both stained all layers of the SE in addition to the medullary epithelium; for the former, however, the staining was more diffuse and cytoplasmic (b, x400), whereas the latter appeared restricted to plasma membrane (c, x200). MUI-69 showed granular staining of keratin-negative cells in the medulla of follicles (d[i] , x125); the double labeling of d(i) with antikeratin is shown in d(ii) (x125). MUI-92 was bursa-specific and stained outer medullary (M) epithelial cells, the cortex (C) being negative (e, x400). 5b(i)). MUI-36 is a pan-B-cell marker, reacting exclusively with all chicken B lymphocytes and a restricted subpopulation of macrophages at the corticomedullary junction and in the thymic medulla .
All the MUI mAb were compared with antibodies specific for cytoskeletal components ( (Boyd, Wilson, et al., submitted) . The nonlymphoid reactivities of the mAb were limited and have also been described elsewhere (Boyd, Wilson, et al., submitted) . FIGURE 4. MUI-66 staining of stellate, keratin-negative cells predominantly in the cortex and less frequent in the medulla (ali], x125); the double labeling of a(i) with antikeratin is shown in a(ii) (x125). MUI-72 also stained stellate keratin-negative cells, but these were only found in the cortex (b, x125). MUI-79 identified macrophages in the interstitial areas between follicles (F); the cortex and medulla were essentially negative (c, x125). 
DISCUSSION
This study provides an extensive phenotypic profile of the stromal components of the bursa of Fabricius and demonstrates the complexity of the components that could potentially contribute to the microenvironment in this region. It complements our earlier data based on heteroantisera, which defined bursal-specific cortical reticulin fibers, a gut-associated mucin in the medulla and an antigen present on bursa-dependent reticular epithelial cells in the bursal medulla and splenic germinal centers and periellipsoidal sheaths (Boyd and Ward, 1978 Olah and Glick (1978) was also demonstrated by activation being provided by the often frequent T MUI-69. This antibody was particularly interesting cells present in and around the follicles (Murthy et because it was negative on the SE and cortex, had al., 1984). MHC class II antigens have been very limited nonbursal reactivity, and showed described on bursal lymphocytes (Ewert et al., 1984) , marked variability in staining between different folliwhich were shown here to be predominantly in the cles. It would not be unreasonable to propose a cortex, on the medullary epithelium of cyclophos-specific function in B-C'ell maturation for this molephamide-treated bursae (Hoshi et al., 1988) , on cule and its variable intrabursal distribution raises endothelium at the corticomedullary junction (Belo the possibility of follicle heterogeneity. Whether this et al., 1985) , and now on medullary stromal cells; indicates different stages of B-cell maturation is however, their role in B-cell differentiation from unclear. BEP-2 of Houssaint et al. (1986) also reacts multipotential precursors to functionally mature with an apparently secreted antigen in the medulla plasma cells remains obscure, and SE, although no mention was made in that As distinct from BEP-1, MUI-55, and 65 reacted study of differences between follicles. MUI-62 with the entire SE and the network of intercon-resembles this mAb; we believe from ontogenic necting medullary epithelial cells, including the studies, however, that the antigen is secreted by the basement-membrane associated epithelium. Since SE and taken up by the underlying medullary chick-quail chimera studies have demonstrated these keratin-negative cells. MUI-92 is arguably the most regions to be endodermally derived (Le Douarin et important determinant in this study, because it is al., 1976), these mAb may be valuable lineage bursa-specific. Its restriction to outer medullary markers. In addition to the distinction between the epithelial cells suggests a direct role in intrafollicular FAE and the interfollicular SE, heterogeneity was B-cell expansion. also revealed within the multiple layers that consti- In contrast to the complexity and specificity of the tute the SE. MUI-90 reacted with the underlying medullary stroma, only two mAb reacted preferenbasement membrane, but is unlikely to be directed tially with the cortex. MUI-72 extensively stained against type IV collagen because of its lack of the stellate cells in the cortex, which would correactivity on intestinal and renal glomeruli-asso-respond to the reticular cells defined by electron ciated basement membranes and its species speci-microscopy (Olah et al., 1975) . This apparently ficity (Boyd, Wilson, et al., submitted) . Although the exclusive nature of the cortex and medulla provides cellular origin of the individual components of base-further support for their different embryonic ment membranes is still speculative, the contribution origins--the cortex being mesenchymal and the of the epithelial cells was indicated by the reactivity medulla endodermal (Le Douarin et al., 1975 (Boyd and Ward, 1984) . This of stromal cells, trypsin was omitted. The stromal suggests that the medulla contains more mature B cells were then collected by repeated sedimentation lymphocytes, but further study on the lineage through newborn calf serum at I g for 30 min, 4C. relationships between these areas is required.
Several of the mAb described have reacted with Production of mAb macrophagelike cells. In addition to MUI-72 on cortical reticular cells, MUI-79 reacted with macro-The experimental details for production of the mAb phages in the interfollicular regions, MUI-36 with follow standard protocols and have been published those at the corticomedullary junction (and thymic elsewhere 
